Deaths attributed to primary angiosarcoma of the liver (ASL) 
Introduction
Studies of polyvinyl chloride (PVC) workers have been set up in several industrialised countries after the recognition in 1974 of the association between primary angiosarcoma of the liver (ASL) and occupational exposure to vinyl chloride monomer (VCM), the chemical used to manufacture PVC. In Great Britain the Employment Medical Advisory Service (EMAS) agreed to undertake a mortality study' of workers engaged in PVC manufacture and a case-control study2 of all known cases of ASL occurring from 1974 onwards. As a preliminary study, we reviewed deaths attributed to ASL in 1963-73, in which available histological material was examined by a panel of pathologists, and full occupational and residential histories were obtained in those cases agreed as ASL by the panel.
Material and methods
In 1974 the Registrars General of England and Wales and of Scotland were requested to send to EMAS a copy of all death certificates from 1963 -73 (Scotland 1965 only for administrative reasons) that recorded any type of primary sarcoma or angioma of the liver as a cause of death. These certificates were sorted by one of us (PJB) into two groups-namely, ASL and other liver sarcomas. Certificates were categorised as ASL if any of the following diagnoses were mentioned, irrespective of whether the cases were infants or adults: haemangio-or angiosarcoma, Kupffer-cell sarcoma, haemangioendothelioma, haemangioblastoma, or malignant angioma.
Other cases of ASL were sought by placing notices in medical journals and in the news-sheet of the Royal College of Pathologists, and by undertaking a search of the published reports. Hospital pathologists were invited to forward to the panel of pathologists histological material from the cases of ASL and other liver sarcomas, which were to be used as controls.
The panel regarded the following histological features as being helpful in making a diagnosis of ASL: (1) an essentially intrasinusoidal pattern of growth, though solid and cystic areas may also be present; (2) cytological findings compatible with Kupffer-cell or endothelialcell origin; (3) characteristic reticulin pattern of dense intrasinusoidal network; (4) diffuse involvement of the affected part of the liver. Other 9. Discussion ASL is a rare tumour, and we expected that there might be a fairly wide discrepancy between the original diagnoses and those reached by the panel. Our findings show that between 1963-73 an average of four cases were recorded annually, and in only one-third of the cases submitted did the panel agree with the diagnosis. Undoubtedly the histological material seen by the panel may sometimes have been inadequate compared with that available when the diagnosis was first made by the hospital pathologist. Nevertheless, in one-third of the cases the panel was confident that the diagnosis was not ASL, showing that this explanation was inadequate for these cases at least.
We know of only nine published cases in which ASL was reported as the cause of death in Britain before 1963 (Scotland 1965 . -12 One of these was attributed to gamma radiation received from a radium needle that had accidently become lodged in the myocardium of a patient,9 and another case was of suspected idiopathic haemochromatosis.'2 Thorium dioxide (Thorotrast), a radioactive contrast material introduced in 1928 for angiographic studies, has been the agent most often associated with ASL, but we came across only one such case in this study. By 1950 thorium dioxide was used infrequently in Britain; it had a place in the radiography of cerebral abscesses until the late 1960s, usually remaining localised to the site of injection, and rarely entering the circulation.13 In other countries ASL has been associated with arsenic exposure-in vineyard workers contaminated from the use of arsenical sprays,"4 and in patients with chronic arsenic intoxication after prolonged taking of arsenical drugs."' 13 ASL has also been recorded in a vineyard worker who had worked with copper-containing sprays (Bordeaux mixture) for many years.16 In Britain the use of arsenic in pesticides and agriculture generally has diminished considerably since 1960, and the use of arsenical drugs was largely discontinued after 1950.
Since 1950, however, the PVC industry has developed rapidly, the material having become one of the most widely used plastics. About 8000 people have been employed at some time in PVC manufacture, over half of whom have been exposed to VCM levels exceeding 25 ppm in the factory atmosphere.' Present mean levels of VCM in the atmosphere up to half a mile away from the factory where the neighbourhood case of ASL occurred are considered to be between 0 01 to 0 03 ppm, and may have been several times higher in the past, indicating the order of exposure of people living close to factories manufacturing PVC. (In 1975 a code of practice was introduced, and this was accompanied by a major reduction of VCM levels in and around factories manufacturing PVC.) About 35 000 people in England and Wales are currently working in factories making PVC products, where exposures have been much less than the current hygiene standard of 10 ppm (HM Factory Inspectorate's Records). In addition the general population has ingested extremely small amounts of VCM which have entered foodstuffs from PVC wrappings." Despite these observations, only one case of ASL occurring in 1963-73 could be confidently attributed to VCM. One patient was suspected, but not proved, to have worked on a process which used PVC as a raw material, and another had lived for six years within half a mile of a plant manufacturing PVC. These cases had been diagnosed as ASL by hospital pathologists several years before the association between VCM exposure and ASL in man had become known. Although our findings are generally reassuring, in that the annual incidence of ASL in a population of about 50 million seems to be in single figures, the possibility remains that ASL may be associated with VCM at low exposures. Thus more people may be at risk than is currently supposed. Our data provide no reason to suppose that most of even those few cases that have occurred are produced in this way, but a close watch on the occurrence of this tumour should be maintained.
